Five new withanolides named plantagiolides A-E (1, 3-6), together with a known withanolide glucoside, chantriolide A (2) were isolated from the whole plants of Tacca plantaginea (HANCE). Their structures were elucidated by means of spectroscopic methods including extensive 1D and 2D-NMR techniques.
Taccaeae, a small family, includes Tacca and Schizacapsa genus and is predominately distributed in the tropical region of Asia, the Pacific Islands, and Australia. 1) Taccalonolides, [2] [3] [4] anthocyanins, 5) diarylheptanoids and diarylheptanoid glucosides, 6) steroidal sapogenins and steroidal glycosides such as C-27 steroidal saponins, C-28 sterol glucosides and withanolide glucosides [7] [8] [9] [10] [11] [12] [13] [14] [15] have been isolated from some Tacca species.
Tacca plantaginea (HANCE) is a perennial plant that grows in southeastern China. Its rhizomes is a folk medicine used as analgesic, antipyretic, anti-inflammatory agents and for the treatment of incised wounds. 16) Chen and co-workers have reported the isolation and purification of the highly oxygenated taccalonolides from the rhizomes of T. plantaginea. [17] [18] [19] [20] [21] Taccalonolides A and E were claimed to be important for initiation of paclitaxel-like microtubule bundling; therefore, they represent the first plantderived microtubulestabilising agents to be identified since paclitaxel and the first natural steroids to show microtuble-stabilizing activity. 22) Previously, we have reported two new steroidal saponins from this whole plant. 23) Further chemical investigation on the CHCl 3 soluble part of the EtOH extracts of this plant resulted in the isolation of five new withanolides, named plantagiolides A-E (1, 3-6). The known chantriolide A (2) was separated from the AcOEt soluble part. The structures of the five new compounds were determined by analysis of their spectral data, especially two dimensional (2D) NMR spectra. Herein, we reported the isolation and structural elucidation of those compounds. C-NMR data of 1 with those of the aglycone of chantriolide A (2), 13) it was obvious that compound 1 was the aglycone of chantriolide A (2) and the stereochemistry of compound 1 was same as that of the aglycone of chantriolide A (2). Accordingly, the structure of 1 was elucidated as (20S,22R)-1a ,12a -diacetoxy-2a ,3a ;6a ,7a -diepoxy-5a ,27-dihydroxy-16-oxowith-24-enolide, named plantagiolide A, which was firstly obtained as natural compound.
Plantagiolide B (3), a white amorphous powder, showed a molecular ion peak at m/z 605 [MϩH] ϩ in its positive fast atom bombardment mass spectrometry (FAB-MS), consistent with a molecular formula C 32 H 44 O 11 (11 (Fig. 1) . The H-16 signal showed ROESY correlations with H-14 and H-17 suggesting a a-orientation of H-16. On the basis of above evidence, the structure of 3 was established as (20S,22R)-1a,12a-diacetoxy-2a ,3a ;6a ,7a -diepoxy-5a ,16b ,27-trihydroxywith-24-enolide, named plantagiolide B, which was the aglycone of chantriolide B. 13) Plantagiolide C (4) was isolated as colorless needles. The (HR)-ESI-MS of 3 displayed a [MϩNa] ϩ peak at m/z 611.2835, corresponding to the empirical molecular formula of C 32 H 44 O 10 , which was also deduced by analysis of its 13 C-NMR and DEPT spectral data. The mass spectrum indicated that compound 4 was 14 mass units less than compound 1. The 1 H-and 13 C-NMR spectral data of 4 were close to those of 1. The only significant differences included the absence 25) indicated that 5 had the same structure, including stereochemistry, as that of philadelphicalactone B, which Me-27 was b-eq and Me-28 was a-eq and was confirmed via a ROESY experiment. The correlation of H-22 with Me-28, H-25 with Me-28 could be clearly observed from the spectrum, suggesting that the hydroxyl groups located at C-24 and the Me-27 were both in b-orientation. Therefore, the structure of 5 concluded to be (20S,2R,24R,25R)-1a ,12a -diacetoxy-2a ,3a ;6a ,7a -diepoxy-5a ,24b -dihydroxy-withanolide, and designated plantagiolide D.
Plantagiolide E (6) was obtained as colorless needles. The molecular formula, C 32 H 46 O 11 , was deduced from the positive high-resolution electrospray ionization mass spectrum (HR-ESI-MS) ([MϩNa] ϩ m/z 629.2952) and NMR spectra ( Table 2 ). The comparison of the NMR spectral data with those of 5 showed that the chemical shifts of the rings of A-D in 6 are highly comparable with those of 5. The differences were the disappearance of a doublet of Me-27 and the presence of a singlet of Me-27 and the existence of one additional oxygenated quaternary carbons (d 75.5) in E-ring. These observations strongly implied that compound 5 was the 25-hydroxy derivative of 6. Three groups of HMBC correlations were observed to established the structural features of 5: group should connect with C-25. The ROESY cross-peaks of H-22/Me-27, H-22/Me-28 established the Me-27 was a-ax and Me-28 was in a-eq, as drawn. Accordingly, the structure of plantagiolide E (6) concluded to be (20S,22R,24R,25R)-1a,12a-diacetoxy-2a,3a;6a,7a-diepoxy-5a,24b,25b-trihydroxy-withanolide. The five new withanolides 1-6 obtained from this plant were tested for in vitro cytotoxicity against Eca-109, SPC-A-1, BGC-823, AGS, K562 cells. However, all of them were noncytotoxic.
Experimental
General Procedues Melting points were recorded on an XRC-1 micro melting point apparatus and are uncorrected. Optical rotations were measured in a JASCO DIP-370 digital polarimeter. UV spectra were measured using a Shimadzu UV-2401PC spectrophotometer. IR spectra were obtained on a Bio-Rad FTS-135 infrared spectrophotometer with KBr pellets. FAB mass spectrum were obtained on a VG Auto spec-3000 spectrometer and high-resolution ESI mass spectrum were recorded on an API Qstar Pulsar instrument. 1D and 2D NMR experiments were performed on Bruker AM-400 and DRX-500 instruments with TMS as internal standard. Chemical shifts (d) were expressed in ppm with reference to the solvent signals. Column chromatography was performed on silica gel (200-300 mesh, Qingdao Marine Chemical Inc., Qingdao, People's Republic of China) or on silica gel H (10-40 mm, Qingdao Marine Chemical Inc.) and Lichroprep Rp-18 (43-63 mm, Merck). Fractions were monitored by TLC and spots were visualized by heating silica gel plates sprayed with 10% H 2 SO 4 in EtOH.
Plant Material The whole plant Tacca plantaginea were collected in Guilin, Guangxi Zhuang Autonomous Region, People's Republic of China, in August 1999, and identified by professor De-Ding Tao (Kunming Institute of Botany, the Chinese Academy of Sciences).
Extraction and Isolation The powdered air-dried plant of T. plantaginea (30 kg) were exhaustively extracted three times with 95% EtOH under reflux. After evaporated, the resulting residue (1.5 kg) was extracted with CHCl 3 and n-butanol, successively. The CHCl 3 layer (700 g) was subjected to silica gel column chromatography eluting with a petroleum ether-AcOEt gradient (1 : 0, 10 : 1, 5 : 1, 7 : 3, 1 : 1) to give five fractions 1-5. Fraction 4 (150 g) was repeatedly chromatographed over silica gel (CHCl 3 /H 2 O) and RP-18 (MeOH/H 2 O) to afforded 1 (70 mg), 3 (33 mg), 4 (25 mg), 5 (120 mg), and 6 (11 mg). The EtOAc layer (50 g) was repeatedly chromatographed on silica gel column, eluting with a CHCl 3 -MeOH gradient (9 : 1) to give compound 2 (120 mg).
Plantagiolide A (1) 
